nase Ver. 2.0, United States Biochemicals) with the synthesized oligonucleotides as the sequencing primer.
When eluted on HPLC, the patient's hemolysate showed a single, symmetric band with an area of 13.1% of the total at an elution time corresponding to that of HbA1c (data not shown). Isoelectric focusing of the hemolysate detected an abnormal band between the HbA0 and HbF bands (Fig. 1A) . Because of the width of this abnormal band, we speculated that it might be derived from ␤-globin. The molecular structure of the patient's ␤-globin was analyzed as follows. The elution pattern of the digested peptides on reverse HPLC showed that the baT-1 peptide peak at the usual position diminished and a new peptide peak appeared near peptides ␤T-10 and ␤T-14. The amino acid composition of this abnormal peptide [Thr 1.03 (1), Glu 2.15 (2), Val 0.13 (1), Met 0.80 (0), Leu 1.93 (1), Lys 1.00 (1), His 0.98 (1) , and Pro 1.00 (1) , where the number in parentheses shows the theoretical value of the peptide ␤T-1 indicates that in peptide ␤T-1, a valine residue at the ␤-1 position is replaced by a leucine residue and a methionine residue was added. Thus, this abnormal Hb appeared to be Hb Niigata [␤N-methionyl-1(NA)Val3 Leu].
To confirm this assumption, a mixture of cloned ssDNA templates was prepared and sequenced. The nucleotide sequence of the segment encoding peptide ␤T-1 was heterozygous; a G and a T were present at the first position of codon 1 (GTG-TTG); this agrees with the replacement of valine by leucine. The polymorphism of the third nucleotide of codon 2 was T on both the normal and abnormal ␤ genes. Sequencing of the cloned ssDNA templates confirmed that this abnormal ␤-chain was Hb Niigata (Fig. 1B) .
HbA1c used as a clinical marker for glycemic control in diabetic patients (11) can be measured by several methods, including colorimetry, electrophoresis, column chromatography, and immunoagglutination. The HPLC method has been used as a standard method for HbA1c etermination. The LA method using a specific antibody that recognizes a glucose moiety at the ␤-chain N-terminal is becoming popular because it is easy and time-saving when compared with HPLC.
Recently, nonglycated Hb variants that coelute with HbA1c on HPLC have been reported, e.g., Hb types Granz, Sherwood Forest, Turriff, Hafnia, and Okayama. In contrast, several cases of Hb variants, such as Hb types Riyadoh, Hamadan, Takamatsu, Himeji, Camden, and K-Woolwich, were reported to yield inappropriately low HbA1c concentrations with HPLC methods in comparison with blood glucose concentrations of patients, possibly because glycosylated Hb variants have elution times different from those of normal HbA1c (Table 1) . On the other hand, HbA1c results with the LA method are not supposed to be affected by the presence of abnormal Hb because of the immunological specificity of LA for glucose moieties at the ␤-chain. Nevertheless, this patient's HbA1c value determined by the LA method was inappropriately low in comparison with other glycemic markers in this case. We speculate that, in this case, the mutation of the N-terminal ([␤⅐N-methionyl-1(NA1) Val3 Leu]) of ␤-globin precludes the ability of the monoclonal antibody to efficiently detect the epitope at the ␤-chain N-terminal. Thus, this unique mutation on the N-terminal of ␤-globin seems to cause inappropriately high and low apparent HbA1c titers to be determined by HPLC and LA, respectively. This phenomenon will also occur in Hb Long Island, which has a mutation on the N-terminal of the ␤-chain.
In conclusion, we should consider the possibility of a mutation of the N-terminal of ␤-globin, as well as the possibility of rapid turnover of Hb, when an inappropriately low HA1c titer is found with a LA method. Heart-type fatty acid-binding protein (FABP; M r 14 500) is an early plasma marker of acute myocardial infarction (AMI) (1) (2) (3) . FABP shows increased plasma concentrations within 3 h after AMI and returns to a normal reference interval within 12-24 h, thereby resembling myoglobin (4, 5) . However, the diagnostic specificity and sensitivity of FABP for AMI detection are better than those of myoglobin (6, 7) . FABP is also found in skeletal muscle, but the determination of the plasma ratio of myoglobin over FABP allows the discrimination between myocardial and skeletal muscle injury (4, 5) .
Development of a Rapid
The application of FABP as an early plasma marker in routine clinical practice requires the availability of a rapid assay system. Several immunochemical assays for FABP have been described, taking an assay time of 2-16 h (2, 3, 8, 9) . Recently, a one-step ELISA for plasma FABP with a total performance time of 45 min (10) and an amperometric enzyme immunosensor assay taking 27 min per plasma sample were described (11) . However, these assays are of limited use for routine clinical practice. We describe here a microparticle-enhanced turbidimetric immunoassay for FABP that offers the advantages of being precise, easy to perform, rapid, and fully automated.
Latex reagent was prepared by physical adsorption onto carboxylated latex particles of three monoclonal anti-human FABP antibodies that recognize distinct epitopes (12) , which were then stored in 10 mmol/L Tris-HCL, pH 8.0, containing 5 g/L bovine serum albumin, 0.01 g/L Tween 20, 1 g/L NaN 3 , and 50 g/L sucrose. The assay was performed by using a COBAS ® MIRA Plus analyzer (F. Hoffmann-La Roche Ltd.). Briefly, 75 L of latex reagent was mixed with 155 L of reaction buffer (22 mmol/L phosphate buffer, pH 7.0, 350 mmol/L NaCl, 2 g/L bovine serum albumin, 1 g/L NaN 3 , 20 mL/L normal rabbit serum (heat inactivated), and 2.57 g/L polyvinylpyrrolidone K90). After incubation at 37°C for 75 s, 25 L of sample was added, and the absorbance change of the reaction mixture was measured at a wavelength of 550 nm from about 1 min to ϳ8 min after the addition of sample. FABP concentration of sample was interpolated automatically from the calibration curve (calibration mode of COBAS ® MIRA Plus: LOGIT/LOG 5). Calibration curves were recorded with tissue-derived human heart-type FABP (13) or recombinant FABP (donated by Dr. T. Bö rchers, Mü nster, Germany), diluted with storage buffer to a 1.5 mg/L FABP solution, and stored for up to 2 months at 4°C.
FABP concentrations in blood samples were also determined by using an earlier established ELISA of the antigen-capture type (10) and recombinant human hearttype FABP as standard. Taking a 25-fold sample dilution into account, the measuring range of this ELISA is between 0 and 300 g/L FABP with a detection limit of 5 g/L FABP (10). For the determination of the reference range of FABP in plasma, this assay was used in a more sensitive mode. By a fivefold predilution of the sample, prolonging the sample incubation time to 2 h and the enzyme reaction (coloring time) to 30 min, the analytical range is 30 times lower (0 -10 g/L FABP), and the detection limit (10) is 0.25 g/L FABP. For method comparison, 163 EDTA plasma samples of patients with a confirmed clinical diagnosis of AMI (14) were analyzed. For the determination of the reference range of FABP sera from 102 blood donors (54 males) were used. Control sera or plasma specimens were prepared by adding recombinant human heart-type FABP to a pool of blood from 10 healthy donors. All samples were stored at Ϫ80°C.
A typical five point calibration curve, obtained by automated dilution of the standard solution, is shown in Fig. 1 . The analytical detection limit, calculated as the FABP concentration corresponding to the absorbance difference ϩ 2 SD found for the zero calibrator and assessed by analyzing the calibrators 11 times (which was repeated four times), was 1.1 Ϯ 0.3 g/L FABP. With postdilution, the test range could be extended from 150 g/L up to 2400 g/L FABP. With tissue-derived heart-type FABP and the recombinant protein, identical results were obtained (data not shown), confirming the same antigenicity found earlier of both proteins (10) .
To analyze whether an antigen excess phenomenon (prozone effect) may affect the test, a dilution series of FABP in storage buffer was prepared and analyzed. As shown in the inset to Fig. 1 , FABP concentrations between 150 and 2400 g/L all yielded a signal that was above the limit defined by the measuring range (more than the test range).
Two pools of serum (controls) with different concentrations of FABP were used to assess intraassay precision by running 11 replicates of each sample pool in a single analytical run. An EDTA plasma sample with a high content of added recombinant human heart-type FABP was also measured. Interassay precision was assessed by measurement of the controls 24 times over a period of 2 weeks. The intraassay CV was 2-6%, and the betweenday CV was 3-10% (Table 1) .
Analysis of three plasma samples with different concentrations of FABP and diluted (up to 5 times) with 9 g/L NaCl indicated linearity of the assay (data not shown). Analytical recovery tests were performed by adding a low (7 g/L) and a high (97 g/L) concentration of recombinant human heart-type FABP to pools of unaffected plasma (heparinized, citrated, and EDTA plasma) and of serum. The mean recovery was 95%, the range was 90 -102%. Additionally, plasma and serum samples with low and high FABP concentrations were mixed in ratios of 0%, 25%, 50%, 75%, and 100%. The mean "mixing recovery" was 101%, with a range of 98 -106%, of the calculated concentrations of the mixed samples (data not shown).
For comparison of the latex assay with an established immunoassay (sandwich ELISA), 163 samples from patients with confirmed AMI were analyzed on the same day by both methods. By linear regression analysis, the slope and intercept (ϮSE) were 1.11 Ϯ 0.02 g/L and Ϫ0.45 Ϯ 1.76 g/L, respectively. The standard error of estimate (S y͉x ) was 17.3 g/L, and the correlation coefficient was 0.98. Agreement between latex assay and ELISA was analyzed in a difference plot according to Bland and Altman (15) . Despite the fact that the ELISA values were slightly but significantly lower than the latex values (mean difference ϭ Ϫ5.7 g/L, P Ͻ0.05), a good agreement between both methods can be concluded from the small limits (mean Ϯ 2 SD, SD ϭ 19.0). For only those samples that were showing a FABP value between 0 and 20 g/L in the ELISA, the correlation between the latex assay and the sandwich ELISA was y (latex assay) ϭ 1.16 ϫ (ELISA) Ϫ 0.23 (r ϭ 0.80, n ϭ 82), and the mean difference value Ϯ SD was Ϫ1.5 Ϯ 4.3 g/L FABP.
Serum samples obtained from 102 healthy subjects (44.5 Ϯ 12.9 years) were analyzed for their FABP contents by using the latex assay and, for comparison, also with the ELISA method. In 81 (80%) of the tested sera, the FABP concentration was between Ͻ1.1 (detection limit, 53 cases below this value) and 5 g/L and in 3 cases (3%) above 10 g/L (highest value, 14.1 g/L). Of all sera assayed with the ELISA, none had a FABP value above 5 g/L FABP, whereas the mean concentration was 1.8 Ϯ 0.9 g/L FABP, ranging from 0.5 to 4.6 g/L (median value, 1.3 g/L; 95% confidence interval, 1.4 -1.8 g/L).
The turbidimetric latex immunoassay described here represents a substantial improvement over most widely used heterogeneous immunoassays for quantifying human heart-type FABP in serum or plasma. Three distinct monoclonal antibodies directed against FABP are attached to the microparticles. These antibodies show no cross-reactivity with other human FABPs, such as intestinal-type and liver-type FABP (12) . With a performance time of 10 min, the assay is much faster than other FABP assays published to date (2, 3, 8 -11) . The detection limit of 1.1 g/L FABP is similar to that of reported sandwich ELISAs (9, 10) , considering that in the latter, a predilution of the sample is indispensable to avoid matrix effects. The validity of the present latex assay for FABP was verified by experimental results in precision (interassay and intraassay), recovery, and dilution tests. No prozone phenomenon was observed for FABP concentrations up to 2400 g/L, implying a wide analytical range. The comparison of our latex assay with an earlier published ELISA (10) by measuring FABP in 163 plasma samples of AMI patients showed a good correlation.
The average plasma FABP concentration measured in 102 sera of healthy blood donors (about 1.1 g/L with the latex assay, 1.8 g/L with the ELISA) is of similar magnitude as the mean values of 3.65 g/L (n ϭ 100) reported by Ohkaru et al. (9) and of 1.6 g/L (n ϭ 79) reported by Wodzig et al. (10) . However, applying the ELISA and a fivefold predilution of the samples, we found a reference range between 0.5 and 4.6 g/L FABP, whereas with the latex assay, only ϳ80% of samples were in this range, the remainder showing FABP concentrations up to 14 g/L. This discrepancy could relate to interference in the latex agglutination test by sample components in this homogeneous assay system (no separation steps) or to underestimation by the ELISA from suppressed antibody-antigen interaction as a result of insufficient predilution, which was 5-fold instead of the usual 25-fold, of the samples. It should be noted, however, that for samples from AMI patients and FABP concentrations in the range 0 -20 g/L, we found a good correlation between the latex assay and ELISA. Finally, Ohkaru et al. (9) , applying an ELISA method, also reported a FABP concentration Ͼ5 g/L in 15% of cases of healthy volunteers. Unfortunately, the predilution factor used in this study and the reference range were not given (9) .
For the detection of AMI, upper reference values of 10 and 12 g/L FABP have been described (7, 14) . With regard to this discriminator value, the latex assay will be a reliable tool for the early diagnosis of AMI, because in only 1 case of 102 sera tested was a slightly higher FABP value (14.1 g/L) found. In addition, in plasma from AMI patients, FABP concentrations generally show a rapid increase after onset of symptoms (2) (3) (4) , so that analyses of FABP in two samples taken at a short time interval and expression of the change in concentration may further increase the diagnostic power of this marker.
In conclusion, we found that the simplicity, reproducibility, and full automation in a widely used clinical chemistry analyzer like the COBAS MIRA seem to be factors of choice for the FABP latex immunoassay for routine clinical diagnosis of AMI. Intraassay precision was assessed in a single analytical run by analysis of 11 replicates of two control sera and of an EDTA plasma sample with a high concentration of added FABP. The FABP concentrations of the two controls were measured 24 times over a period of 2 weeks to calculate interassay variation. Data are means Ϯ SD of the indicated number of observations.
